This paper describes a study of the different methods of sample preparation for the determination of calcium in grape juice, wines, and other alcoholic beverages by flame atomic absorption spectrometry; results are also reported for the practical application of these methods to the analysis of commercial samples produced in Spain. The methods tested included dealcoholization, dry mineralization, and wet mineralization with heating by using different acids and/or mixtures of acids. The sensitivity, detection limit, accuracy, precision, and selectiviy of each method were established. Such research is necessary because of the better analytical indexes obtained after acid digestion of the sample, as recommended by the European Union, which advocates the direct method. In addition, although high-temperature mineralization with an HNO 3 -HClO 4 mixture gave the best analytical results, mineralization with nitric acid at 80°C for 15 min gave the most satisfactory results in all cases, including those for wines with high levels of sugar and beverages with high alcoholic content. The results for table wines subjected to the latter treatment had an accuracy of 98.70-99.90%, a relative standard deviation of 2.46%, a detection limit of 19.0 mg/L, and a determination limit of 31.7 mg/L. The method was found to be sufficiently sensitive and selective. It was applied to the determination of Ca in grape juice, different types of wines, and beverages with high alcoholic content, all of which are produced and widely consumed in Spain. The values obtained for Ca were 90.00 ± 20.40 mg/L in the grape juices, 82.30 ± 23.80 mg/L in the white wines, 85.00 ± 30.25 mg/L in the sweet wines, 84.92 ± 23.11 mg/L in the red wines, 85.75 ± 27.65 mg/L in the rosé wines, 9.51 ± 6.65 mg/L in the brandies, 11.53 ± 6.55 mg/L in the gin, 7.3 ± 6.32 mg/L in the pacharán, and 8.41 ± 4.85 mg/L in the anisettes. The method is therefore useful for routine analysis in the quality control of these beverages.
T he raw fruit itself is the source of calcium in wine, because Ca is found in the structure of the pulp and the cell membranes, where it affects their permeability, and Ca is also a cofactor of the phosphatases. Calcium can also be derived from contamination through contact with the soil, filtration coadjuvants containing it, and cement storage tanks, as well as through treatments involving calcium sulfate or carbonate and the use of refining agents, such as bentonite, ionic interchange treatment, etc. (1, 2) .
The importance of Ca in wines and grape-derived products is based on (1) its participation, together with K, Mg, and Na, in the regulation of the cellular metabolism maintaining the cytoplasmatic pH and the ionic balance of the yeast, and (2) its important role, with K, in stabilizing the wine as regards tartaric acid. Both cations, together with the Mg ion, enhance the precipitation of protein and iron phosphate colloidals (III), the latter causing ferric breakdown (3, 4) . The amount of Ca present in wines is also limited by the pH and the alcohol percentage by volume, the latter affecting the solubility of calcium tartrate (3) .
Highly selective and sensitive techniques, such as inductively coupled plasma-atomic emission spectrometry (ICP-AES) or capillary electrophoresis (5, 6) , have been used to determine Ca in foods and beverages. However, the most commonly used technique for Ca determination in beverages is atomic absorption spectrometry (AAS), because of its versatility, precision, and accuracy (7) (8) (9) (10) . Nevertheless, a question yet to be settled is the prior treatment of the sample, which is a critical step in the analysis. In its classification of official methods of analysis, the European Union (EU) advocates the direct method by AAS, although for other elements, such as Fe, it recommends a dealcoholization treatment (11) .
Several researchers have proposed an acid mineralization treatment of the samples before determination of the elements in grape juice, wines, and other alcoholic beverages by using different acids and/or mixtures of acids, with or without the addition of catalysts; some of the most commonly used are HNO 3 /H 2 O 2 (12, 13) and HNO 3 (with H 2 SO 4 or V 2 O 5 ; 14-16). In a previous study, we found that for the determination of Fe in grape juice, wines, and other alcoholic beverages by flame AAS, the best results were obtained by using wet mineralization with heated acid (HNO 3 -H 2 SO 4 ; 17).
In the work described in this paper, we treated different samples by several techniques that allow determination of Ca in grape juices, wine, and other alcoholic beverages by flame AAS. The methods evaluated include dealcoholization of the samples for direct determination of the analyte, dry mineralization, and wet mineralization by using different acids and/or mixtures of acids with and without heating. We studied all parameters involved in testing the validity of each method. 
Experimental

Apparatus
Materials
To eliminate contamination due to detergents and samples, glassware and polyethylene sample containers were washed with tap water after each use, soaked in 6M HNO 3 , and rinsed several times with deionized water. throughout the EU. To optimize the sample amount, preliminary assays were performed to ensure that the samples were homogeneous and representative of the products investigated (18, 19) . All analyses were performed in triplicate.
Sample Preparation
The following were the 4 techniques tested with the different samples:
(a) Dealcoholization.-The alcohol was eliminated from 25 mL sample by using a rotary evaporator in a water bath at 50°C. The volume of the sample was adjusted to the original 25 mL with deionized water, and the Ca was determined by flame AAS.
(b) Dry mineralization.-A 25 mL portion of sample was heated in a water bath at 130°C until a syrupy consistency was achieved. A 1 mL portion of H 2 SO 4 was added, and the sample was charred in an electric oven at 525°C for 180 min. The ashes obtained were allowed to cool to room temperature and were then dissolved in 1 mL 0.2N HCl; the volume was adjusted to 25 mL with deionized water.
(c) Wet mineralization.-Different acids were tested with heating at different temperatures. (1) With heating at moderate temperature.-A 10 mL portion of HNO 3 was added to 12.5 mL sample, and the solution was heated in an electric oven at 80°C for 15 min. The volume was adjusted to 25 mL with deionized water. (2) With heating at elevated temperature.-Different acids were tested with 25 mL portions of sample. These acids were a mixture of 10 mL HNO 3 and 1 mL H 2 SO 4 (method c.2.1), 1 mL HClO 4 , (method c.2.2), and 1 mL H 2 O 2 (method c.2.3). In all 3 cases, heat was applied at 250°C for 30 min. The volume was adjusted to 25 mL with deionized water.
All of these methods were compared with the method proposed by the EU (11), in which Ca in wine is determined directly in the wine by flame AAS, without prior treatment of the sample.
Sample Analysis
Ca was determined by flame AAS; Ca was atomized by using an air-acetylene flame, and absorbance was measured by using a 422.7 nm wavelength and a 0.7 nm slit width. The Ca concentration in each sample was evaluated by comparing the absorbance measurement obtained for the diluted sample (peak height mode) with the linear calibration curve corresponding to the standard solutions of Ca. The calibration curve was prepared daily and was obtained from a working solution of 10 µg/mL and successive dilutions; the standards ranged from 0.5 to 3.0 µg/mL. To correct the influence of phosphates on the determinations of Ca in the standards and samples, a 1% (w/v) lanthanum solution was used. This solution was obtained by dissolving lanthanum(III) oxide (La 2 O 3 ) in 0.5M HCl. The final solutions of the standards and samples contained 0.1% La 2 O 3 . Samples were analyzed in triplicate, and the same procedure was applied to the blanks (n = 3).
Results and Discussion
Analytical Validation of the Techniques
In order to evaluate the feasability of each of the techniques tested, we validated their analytical characteristics. This process ensured the suitability of the analytical requirements and the reliability of the results. The statistical treatment was performed with the Statgraphic statistical software 6.0 package (STSG, Inc., Rockville, MD, 1991).
Detection and determination limits must be established in trace analysis, as well as the accuracy, precision, linearity, and selectivity of the method (18) (19) (20) .
Analytical sensitivity was calculated on the basis of the slope of the calibration line. Table 1 shows that, for ordinary table wines, the best results were obtained by heated digestion with perchloric acid and hydrogen peroxide (methods c.2.2 and c.2.3). However, for strong wines with high sugar content, even better results were obtained by using nitric acid mineralization and moderate heating. We should also point out that, in this last case, better results were obtained by heated digestion with a nitric acid-perchloric acid mixture than by mixtures of nitric acid with sulfuric acid or hydrogen peroxide, which gave poor results (precipitation of calcium sulfate).
7The linearity range was established from the standard deviation of the slope and indicates a higher or lower dispersion of data around the calibration line. The data are summarized in In the case of wines with no sugar matrix (dry wines), the best linearity results were obtained in the heated digestions using nitric acid with perchloric acid (98.5%) or hydrogen peroxide (97.8%), whereas acceptable results were obtained for dry wines, and also for sweet wines (sugar content of 150 g/L), in unheated digestion with nitric acid. Practically the same decision limits were obtained for all the table wines (decision limit is defined as the concentration corresponding to a signal level above which there is certainty that it is due to presence of the analyte). Digestion with nitric acid alone was again the best method for sweet wines.
The precision of the method indicates the degree of dispersion obtained in a series of determinations with the same sample. Ten determinations were performed with each of the 2 samples analyzed by each of the techniques examined, and the standard determination errors were calculated. The mean Ca concentrations of samples used to check precision were in the same range as those of the problem samples. The results obtained (Table 1) Relative classification based on the best method for each of the parameters analyzed: , f = 1.00; , 1.00 < f < 1.50; , 1.50 < f < 2.00; , 2.00 < f < 2.500; ;;, 2.50 < f < 3.00; ;;;;, 3.00 < f < 3.50; f > 3.50, unacceptable; f = relation between the evaluated method and the method with best results.
in all cases was digestion with the nitric acid-hydrogen peroxide mixture, followed by cold digestion. For sweet wines, the highest precision was obtained by dry mineralization.
To evaluate the selectivity of the method, a statistical protocol had to be performed that showed the absence of any matrix/analyte interaction, which is the methodological basis of standard additions. The mean standard deviation was determined for addition and for calibration in aqueous medium, and the slopes were compared by using Student's t-test. The mean slope was calculated between calibration and addition to establish the new equations. The results are shown in Table . Having obtained the new equations, we calculated the blank provided by the matrix (to determine whether the matrix caused any errors) and the amount of analyte in the solution on the basis of calibration by standards and calibration by addition, with statistical control of the concentrations. If the calibration and addition slopes had been different, we would have had to use recovery processes such as addition-calibration.
In the case of nonsweet table wines, adequate selectivity values were obtained for all tests. One of the best methods, as regards the analytical indexes, was nitric acid digestion at moderate temperature; dealcoholization also provided adequate analytical parameters in this case. On the other hand, the latter technique was not suitable for strong sweet wines (outside adequate limits), for which the best results were obtained by heated nitric acid-perchloric acid digestion and dry mineralization.
Determination of the accuracy, defined as the proximity between the value obtained and the true value, allows us to ensure that no loss or contamination occurred during the process. This determination was performed for each of the treatments by studying the recovery percentages for the problem samples. We examined 3 wine samples (white, rosé, and sweet), 3 samples of different strong alcoholic beverages (anisette, brandy, and pacharán), and 1 sample of grape juice. The results obtained (Table 3) were appropriate for the range of calcium concentrations in the samples analyzed (19, 21, 22) .
Taking the Ca concentration obtained by application of the official EU method of direct measurement (Table 4) as the reference value, we examined the percentage variation of the treatments applied to a rosé table wine, a Penedés appellation red wine, and a Málaga appellation sweet wine. The Ca concentration obtained for the rosé table wine by using cold digestion with nitric acid was clearly higher (17.8%) than that obtained by the EU method, and the Ca concentrations obtained by dry mineralization and by heated digestion with the nitric acid-perchloric acid mixture were even higher (by 42.0 and 42.3%, respectively). Negative variation was detected only when digestion with the nitric acid-sulfuric acid mixture (-3.4%) was used. For sweet wine, the range in variation was from -16.6% (nitric acid-sulfuric acid digestion) to 15.4% (moderate-temperature nitric acid digestion). Figure 1 represents the results of a similar study of sweet wines with high alcoholic content, in which heated digestion with nitric acid, high-temperature digestion with the nitric acid-perchloric acid mixture, and the official EU method were used as reference methods. In this study the variation percentages were distributed much more uniformly, and ranged from a decrease of 27.7% with the nitric acid-sulfuric acid digestion to an increase of 13.3% with the official EU method of direct measurement.
The validation study of the methods according to the various analytical parameters (Table 5) shows that for table wines prior mineralization at high temperature with a nitric acid-perchloric acid mixture gives the best analytical results for all parameters, except precision, followed by digestion using the nitric acid-hydrogen peroxide mixture. For sweet wines with high alcoholic content, however, the best results are obtained by using acid digestion with nitric acid only (best in 3 of the 4 parameters and second in the fourth), which also gives acceptable results for rosé table wines. These results agree with those obtained by other researchers (23, 24) who reported the applicability of heated acid mineralization for the determination of trace elements in wines and other alcoholic beverages. 
Application of the Proposed Method
As a practical application of this study, Table 6 shows the results for the determination of Ca in commercially available samples of grape juices, wines, and other alcoholic beverages produced in Spain. The analytical method used was heated nitric acid digestion. The results in Table 6 agree with those reported by other researchers (25) (26) (27) (28) .
Conclusions
We believe that the best analytical results for the determination of Ca in table wines are obtained by high-temperature digestion with a nitric acid-perchloric acid mixture. Heated acid digestion by using nitric acid, even with moderate heating, is recommended for analysis of all types of samples, even sweet wines with high alcoholic content. The official EU method of direct measurement can give errors as high as 60%.
